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LOCATION  AND  TOPOGRAPHY 


OF 

DOVER  AIR  FORCE  BASE,  DELAWARE 
1»  Coordinates  ancl  Elevation 

Latitude  39®  OS"  North,  Longitude  75®  2S"  West.  Elevation  -  26  feet 
above  sea  level. 

2*  GeoCTaphlc  Location  of  the  Station 

Dover  Air  Force  Base  Is  located  near  the  center  of  the  State  of  Delaware, 
about  three  miles  west  of  the  Delav/are  Bay,  thirty-five  miles  east  of  the 
Chesapeake  Bay,  and  near  the  northwest  end  of  the  Delmarva  (Eastern  Shore) 
Peninsula,  ^t  Is  open  to  tlie  Atlantic  Ocean,  about  2^  miles  southeast, 
doiiTn  the  Delav-are  Bay. 

A  "fall-lino"  runs  from  near  Richmond,  Virginia,  to  near  Washington, 
Baltimore,  Philadelphia  and  on  to  New  York  City,  east  of  vrtiich  elevations 
do  not  exceed  AOO  feet  above  me an-oea -level.  Dover  is  situated  some  40 
jflUes  east  of  the  fall.-line  on  the  flat,  frequently  marshy,  coastal  plain. 

^he  entire  Delmarva  Peninsula  is  under  intensive  eiltivation,  the  farms 
being  interspersed  vath  salt  marshes  and  small  patches  of  woods,  mostly 
scrub  pine.  The  communities  are  small  and  agricultural,  rather  than  Indus¬ 
trial. 

Locally,  salt  vm.ter  marshes  exist  between  the  Delavrare  Bay  and  the  Base 
fix)m  a  point  nortli  of  the  Base  through  east  to  the  imediate  souths  a 
narrow  river  flows  south-southeas tv/ard  from  the  city  of  Dover,  four  miles 
northwest,  into  the  marsli  to  the  south  passin;^  the  Base  about  a  mile  to  the 
west.  Tills  is  a  tidal  river  and  it  is  bounded  by  salt  water  marshes.  Diy 
grounds  exist  to  the  north-northvrest  only.  See  Figures  1“1  and  1-2, 

The  local  terrain  is  so  flat  that  there  is  no  up  nor  down-slope 
motion.  However,  on  a  micro-coale,  the  Base  is  situated  on  the  southern 
end  of  a  vory  slight  ridge  (i.e.,  the  Base  elevation  is  28  feet  and  is 
surrounded,  except  to  the  north-no irthviest,  by  tidal  water  salt  marshes) 
from  which  thore  is  seme  cold  air  drainage  at  night  under  no-gradiont 
conditions.  This  cold  air  drainage  is  sufficient,  frequently,  to  keep  the 
Base  free  of  ground  fog  wiiile  the  sun'ounding  marshes  are  covered  with 
thick  radiation  fog.  This  is  especailly  true  over  the  marsh  to  the  south, 
over  vdiich  aircraft  must  pass  at  a  hundred  feet  or  so  on  final  GCA 
approach  to  runway  01, 
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3.  Air  Polutlon  Sources 


Basically,  the  Delraarva  Peninsula  is  populated  with  truck  and  dairy 
farms  and  small  cotmunltles  which  exist  on  an  agricultural  rather  than 
an  industrial  economy.  nearest  industrial  smoke  pollution  areas 
are  forty  miles  to  the  north  near  Wilmington,  and  sixty  miles  to  the  west, 
in  the  Baltimore  area.  These  have  no  appreciable  effect  on  local 
visibility. 

Locally,  Dover,  four  miles  to  the  nortlnrest  and  Milford,  fifteen  miles 
to  the  soxitli,  do  not  have  industrial  plants  sxifficient  to  create  a  smoke 
problem.  Hoi/ever,  about  l/2  mile  soutlr/est  of  the  main  entrance,  there  is  a 
small  dump  which  is  novdy  opened;  this  dump,  up  to  now  (March  1962)  has  not 
proven  to  be  a  px’oblem  from  the  visibility  or  pollution  standpoint. 

4.  Physical  Location  of  Weather  Station 

The  physical  location  of  the  Vfcather  Station  is  actually  in  two 
separate  sections. 

a.  Tho  station  proper  is  located  in  tlie  MATS  Terminal  Building  (T-5Q1)* 
IV.is  is  the  adriinistrativc  and  forecasting  section,  along  with  the  observers 
who  directly  support  the  forecasters.  The  instmmients  and  eqviipment  utilized 
axe  the  tcletjTpes,  facsimile  machines,  the  AIJ/AFQ-13A  radar  set  and  the 

HL-2  Barometer. 

b.  Tlie  second  locrtion,  the  representative  observing  site,  is  located 
between  runxrays  010  and  310  in  Bxiilding  T-1307.  '*He  actual  room  is  a  glass 
enclosed  tov.-er,  which  houses  tiic  recording  units  of  the  AN/0MQ-2A  coilometer 
(an  AN-G’;Q-10  tninsinissomcter,  and  the  AH/GIIQ-U  V/ind  Recorder.  The  ML-3 
Barograph,  ML-102D  anaroid  barometer,  the  SAGIj  teletype  and  the  Electro- 
vn'iter,  are  also  in  the  tov.’er.  The  observing  \mits  for  the  ceilometer, 
transmisnometcr  and  v.lnd  gauge  along  witii  the  instrument  shelter,  which 
houses  a  ML-24  psycromoter,  and  the  IIL-17  rain  guage,  are  in  representative 
locations  outside  of  the  building.  The  representativeness  of  our  observa¬ 
tions  is  very  good;  hovrever,  the  visibi].ity  is  hampered  to  the  southeast 
because  of  a  hangar  and  because  of  hangar  and  apron  lif^ts  at  night. 

c.  Surface  observations  are  representative  of  tho  immediate  runway  con^jlex, 
hox^ever,  they  ney  not  be  representative  of  conditions  in  or  about  tiie  runway 
approachs.  This  is  especially  true  of  at  proa c Ik  s  on  ruro^ay  19  and  31  which 

are  partially  over  water  area  of  the  Delaware  Bay.  Whenever  low  and  ragged 
ceilings  exist,  ceilings  are  generall.y  lower  on  the  aRxroaches  to  19  and  31, 
than  arc  measured  nca.r  the  center  of  the  field.  All  other  parameters  ai^ 
representative. 
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IKATUUt  OOMTRDLS 

1*  DUBODUOTIOM  Ito  Qulf  8tr«a«  tdih  its  aiWndaat  Nam  aater  tuma  to  tha 
northeast  off  the  Dalaarva  Penlnmla*  BetNeen  the  Qulf  Streaas  and  the  eoast 
there  is  oonsiderable  v|yNelling  of  oold  eater.  Tbs  position  of  ths  Qiilf  Stream 
and  the  amount  of  tqpwelllng  rtxy  eith  the  direction  and  Intonait/  of  the  surfaee 
air  floN  oror  the  local  coastal  area*  With  an  established  Nestarljr  or  offihore 
flow*  tha  Qulf  Stream  mores  sonenhat  to  the  east  of  its  normal  position  and 
beoomse  eli^tly  cooler  and  there  is  more  upealllng  along  the  coastal  area) 
with  a  sereral  hundred  mile  onshore  air  fetch  tha  Qulf  Stream  is  much  closer 
to  the  coast  and  oonsiderable  of  the  upwelllng  dlsappeare.  In  addition^  the 
water  of  Dolatoire  Bay  is  colder  than  the  coastal  water  seren  to  eight  months 
of  the  year.  The  Bey  will  freeae  orer  about  once  in  twenty  years. 

From  the  above«  it  can  be  inferred  that  easterly  t^  southeasterly  orerwater 
trajectories  originating  orer  or  to  the  east  of  the  Qulf  Stream  flow  orer  in¬ 
creasingly  colder  water  to  the  coast  and  for  the  greater  part  of  the  year  cm  up 
tha  Bay  to  the  Base)  and  as  a  result  there  will  be  cooling  and  condensation  of 
the  omistura  laden  air  as  it  mores  to  the  ooast  and  the  Base*  This  is  true 
between  October  and  May  and  with  a  weak  southeasterly  gradient,  fog  will  occur 
on  the  eoast  and  inland  to  well  beyond  Dorer*  With  a  stronger  flow  -  in  excess 
of  about  el^t  knots,  some  turbulent  mixing  occurs  and  a  stratus  ceiling  of  a 
hundred  feet  or  so  will  exist,  sli^tly  higher  during  diurnal  beating  and 
oomsonly  going  to  dense  fog  at  ni^t  during  nootumal  oooling* 

During  the  suaner  months,  fog  is  essentially  non-existent  19  the  Bay  from 
the  coast  as  a  result  of  this  cause)  bowerer,  stratus  eellings  of  sersral 
hundred  feet  are  common  at  night  burning  off  two  to  throe  hours  after  sunrise* 
(This  is  dependent  upon  the  sky  condition  above  the  stratus,  with  an  upper 
or  middle  overcast,  ths  stratus  can  hold  in  all  day.)  The  typioal  year  round 
synoptic  situation  for  this  fog-stratus  oondltion  is  for  ths  east-west  axis 


of  tho  Bonudo  Hi|^  to  bo  fotnd  to  tho  north  of  Oolaoaro  with  a  fltro 
htBidrod  alio  or  aoro  orer-wator  trajootory  from  tho  oast  or  aouthoaht*  Soo 
Flguroa  #2-1  and  2-2  for  ooa-surfaoo  aator  tonpoVatnroa  off  tho  eoaot.  Bofer- 
ing  to  those  flgureoi  it  is  obrlous  that  an  air  trajootory  from  tho  north- 
northoaot  to  northeast  Is  parallel  to  tho  loothoras  and  no  oooHjog  Mill  ooour 
%diilo  a  trajeotorj  from  the  southeast  gires  —im  cooling  Kith  a  roeultant 
"no  fog"  or  "fog"  forecast. 

Due  largely  to  the  Influenoes  of  the  Gulf  Stream  and  the  Oelauaro  Bay, 
ndld  winters  and  relatively  cool  sunners  are  usually  observed  at  Dover  Air 
Force  Base. 

2.  SUmRY  OF  3BASONAL  VEATHKR  OONDITION3 

viTMTCRi  Cold  fronts  pass  the  station  on  the  average  of  once  every  five 
days.  During  periods  of  strong  aonal  flow,  fronts  will  novo  through  ths  Dover 
terminal  on  the  average  of  (vice  each  three  days.  Cold  front  weather  will  sel 
seldom  produce  ceilings  below  2000  feet  and  visibilities  less  than  3  mllss  in 
showers.  The  warm  front,  on  the  other  hand,  generally  produces  low  oellinga, 
poor  visibilities  and  steady  rain  or  snow.  Ths  warm  front  is  difficult  to 
forecast  due  to  the  fact  that  the  Appalachian  barrier  is  conductive  to  the 
stagnation  of  a  cold  pcxil  or  air  over  the  coastal  plains.  Because  of  this, 
the  warm  front  remains  quasl-stationaiy  along  the  Appalachians  and  low  oelllngs 
and  poor  visibilities  may  pi*evail  for  an  extended  period.  As  a  rule,  ths 
arrival  of  a  Pacific  occlusion  will  result  in  clearing  conditions.  This 
situation  is  not  limited  to  the  winter  season,  but  is  also  applicable  to  Spring 
and  Sooner.  A  case  study  of  this  type  of  situation  is  discussed  in  Section  IV 
under  Special  ^moptlo  Studies. 

Tho  Hatteras  Low  affects  Dover  Air  Force  Base  much  the  saoa  as  a  warm 
front,  resulting  in  low  oelllngs,  poor  visibilities,  steady 
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typ«  precipitation  and  gusty  surface  winds.  Gusts  up  to  50  knots 
are  not  unconmon  with  a  strong  lew  pressure  area.  Low  pressure 
areas  which  move  northward  across  the  coastal  plains  generally  pro¬ 
duce  the  strongest  surface  winds  at  Dover  with  wind  directions  east 
to  east-northeast.  Gusts  over  35  knots  are  lilcoly  with  this  type. 

If  the  low  is  off  the  coasts  generally  northeasterly  surface  winds 
of  less  than  35  knots  are  the  rule.  V/ith  this  type,  however,  the 
possibility  of  snow  rather  than  rain  is  greater.  Clearing  conditions 
occur  as  the  low  noves  north  of  Dover,  however,  gusty  siarface  winds 
up  to  35  loiots  may  continue  for  another  24  hours. 

SPRINGt  During  this  season,  the  surface  pressure  gradients  are 
weak  and  fronts  diffuse  and  often  difficult  to  locate  with  any  degree 
of  certain! ty»  Thunderstorm  activity  increases  considerably  during 
the  latter  part  of  spring.  A  slight  increase  in  frequency  of  early 
morning  fog  also  occurs  during  this  season.  The  major  forecasting 
problem  lies  in  predicting  the  location  of  the  surface  front  relative 
to  Dover  and  the  attending  low  level  flow  pattern.  Low  ceilings  and 
poor  visibilities  are  the  rule  with  easterly  flow.  Good  visibilities 
prevail  with  southwesterly  through  northerly  flow  except  vAien  wind 
velocities  are  under  10  knots  foil  ending  a  weak  cold  front  passage. 

> 

SUIlI'IERt  Thunderstorm  activity  roaches  its  peak  during  this 
season.  A  hi^  frequency  of  evening  thunderstorms  occur  with  maxi¬ 
mum  frequency  in  mid- July  near  1900L.  Frontal  activity  occurs  on  the 
average  of  once  every  seven  days.  Cold  fronts  are  usually  of  the 
Pacific  type  resulting  in  thunderstorm  activity  and  pre-frontal 
squall  lines.  Occasionally,  a  cold  front  will  pass  Dover  from  the 
north  ("Back  Door  Cold  Front")  resulting  in  below  average  temperatures 


for  this  time  of  year.  (It  is  this  type  of  front  that  most  often 
breaks  a  persistent  heat  wave  over  the  northeastern  seaboard.) 

FALL:  During  this  season,  cold  fronts  pass  the  station  on  the 
average  of  onco  every  seven  days.  As  in  the  other  seasons,  these 
cold  fronts  do  not  produce  prolonged  or  significant  weather  conditions. 

Precipitation  is  in  the  form  ofrain  showers  with  conditions  seldom 

/ 

less  than  2000  feet  and  3  ndles.  Thunderstorm  activity  decreases 
rapidly  reaching  minimuin  frequency  by  the  end  of  the  season. 

Late  summer  and  early  fall  is  the  hurricane  season.  On  the 
average,  one  hurricane  p'.r  season  will  pass  close  enough  to  the  Dover 
Terminal  to  produce  gusty  surface  winds  up  to  35  Icnots.  Statistically, 
winds  of  hurricane  force  or  higher  can  be  expected  once  each  eighteen 
years. 

3.  MAJOR  SYNOPTIC  FEATURES 

The  following  pages  contain  illustrations  and  discussions  of.  the 
major  synoptic  features  which  control  the  local  terminal  weather.  No 
attempt  has  been  made  to  type  these  situations  other  than  to  indicate 
the  season  in  which  the  feature  occurs. 
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Fig,  2-3 
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Figure  2-3 


FALL  THROUGH  LATE  SPRINOt  This  pattern  represents  a  tgrpical  warm 
Trent  situation  which  occurs  during  the  period  fall  through  late 
spring.  The  warm  front  often  takes  on  an  odd  configuration,  but 
generally  a  shallow  dome  of  cold  air  persists  over  the  Virginia  - 
Carolina  area  causing  the  warm  front  to  be  quasi-stationary  along 
the  eastern  slopes  of  the  Appalachians.  Minor  waves  often  form 
in  the  vicinity  of  Cape  Hatteras.  This  situation  produces  wide¬ 
spread  fog,  drizzle  and  stratus  over  Carolina,  Virginia  and  east 
of  the  Appalachian  range  as  far  north  as  New  York  State.  Freezing 
drizzle  or  rain  will  occur  if  surface  temperatures  are  near  or 
below  freezing.  Ceilings  along  the  coast  (and  at  Dover)  will  vary 
from  400  to  800  feet  with  visibilities  1-3  miles  in  fog  and 
drizzle.  Ceilings  further  inland  will  be  lower.  The  forecaster 
must  examine  this  situation  very  carefully,  less  he  foi^casts  Uie 
warm  front  to  pass  the  Dover  area.  Generally,  conditions  do  not 
Improve  vntil  the  major  front  from  the  west  occludes  and  passes 
the  Dover  terminal* 
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LATB  WNTHR  -  aPRIWOt  A  persistant  high  looeted  over  Hudson  Bsr 
with  a  Bsoondary  high  located  over  ths  Great  Lakes  and  surflaee 
lows  fonning  over  Texas  move  erratically  across  the  northern  half 
of  the  Gulf  Coast  states  passing  off  the  ooast  near  Hatteras 
without  Intensifloation*  With  west  to  northwest  flow  at  ths 
500  ak)  level}  clouds  and  preoipltation  will  be  confined  to  the 
inmediate  vicinity  of  the  surface  low*  As  a  rulS}  precipita¬ 
tion  will  not  reach  Dover*  The  only  cloud  cover  over  Dover  will 
be  broken  to  overcast  middle  and  high  cloudS}  and  in  seme  eases 
only  high  clouds  depending  on  position  of  the  500  ol)  Jet*  The 
heavy  middle  and  high  clouds  are  found  to  the:  south  of  the  500  ob 
Jet  and  north  of  the  surface  low*  If  a  confluent  sone  exists  to 
the  north  of  the  surface  low,  clouds  and  precipitation  will  extend 
ahead  of  the  surface  low  to  the  approximate  center  of  the  confluent 
sone  at  the  500  nib  level* 
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UTB  FAIl  -  KAHLY  WmiBBt  A  Mridoaal  jat  sirMa  with  m jor 
In  the  Omt  Lak««'  rtgloa  and  a  quaai-atailonarF  low  eantoMd  In 
iha  Qdlf  of  Alaidca  froa  ahioh  Iowa  ara  fad*  Thoaa  Iowa  iMok 
northaaat  aoroaa  labrador  to  a  doap  uppar  low  eantarad  naiar  tha 
tip  of  Oraanland*  Frontal  paaaagaa  orar  tha  Dalawara  raglon  ara 
waak  or  tha  fronta  raaain  to  tha  north  blookad  by  tha  aP  hi^* 
^ara  la  no  waathar  of  eonaaquenea  In  tha  Dovar  araa*  I'ha  aaat 
ooaat  "Indian  SnaaMr"  la  ralatad  to  thla  pattam*  Oanarallji 
fair  waathar  praralla  at  Dovar  with  gusty  southwaat  stirfaoa  winds 
In  advanca  of  tha  waak  frontal  syataae* 


ptmc» 


Fig.  2-^ 
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The  major  trough  le  In  the  mld-ereet  idth  the  500  iri)  jet  genenlljr 
eouth  of  Deleware.  The  trou^  it  ueualljr  ehalloir  and  therefore 
ware  formation  In  the  aouthem  plains  or  Gulf  area  la  rare* 
Frontal  soratena  more  at  moderate  apeada  and  paaa  Dorar  at  Inter- 
rala  of  3-5  dajra*  Weather  Ilea  In  a  narrow  band  along  the  front 
with  celllnga  of  2000-4000  feet  In  rain  shovrera  occurring  with 
frontal  paaaage  at  Dover*  In-fllght  vlelbUlty  will  ganeralljr  be 
on  the  order  of  1-3  mllea  In  showers*  In  advance  of  the  fronts 
ceilings  of  600-1000  feet  and  risibilities  of  3-5  miles  In  base 

I 

nay  occur  during  the  early  morning  hours  depending  on  available 
moisture  and  surface  wind  direction*  Oenerally^  southeasterly 
flow  Is  favorable  for  early  morning. stratus* 
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Figure  2-7 


WINTERt  The  mean  500  nb  trough  Ilea  over  the  Miaaiaalpfd  or 
Ohio  Vallo7  region  with  eouthweaterly  flow  over  the  eastern 
seaboard*  A  high  pressure  center  Is  quasl-statlonary  over 
the  Harltiine  Provinces  or  the  Newfoundland  region*  Surface 
waves  develop  In  the  Gulf  or  along  the  Georgla-Carollna  coast 
and  move  northeastward  and  deepen*  Dover  receives  most  of 
the  winter's  snowfall  from  this  type  low.  Gusty  northeasterly' 
winds  also  occur  with  this  situation  and  therefore,  the  fore¬ 
caster  must  give  serious  consideration  to  the  affects  of  snow 
ani  blowing  snow  on  surface  visibility*  As  surface  waves  pass.- 
Dover,  clearing  generally  occurs,  but  gusty  surface  winds  may 
prevail  for  as  long  as  36  hours  depending  on  the  speed  and 
direction  of  movement  of  the  storm  center* 
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Flgttr*  2-^ 


WlOTgRt 

The  Major  trough  la  ovor  or  juat  aaat  ot  Dover*  Lowe  fora  north- 
Meat  of  Huieon  Bay  and  generally  aove  aiound  the  perijpbery  6f  the 
upper  aloeed  lov.  A  trailing  cold  front  foUoned  by  eB  or  A  air# 
aueepa  aouthMard  to  the  Qulf  Coaat  with  the  high  oantare  paeaing 
to  the  aottth  of  Dover*  Waves  without  Major  devalopaant  fern  on 
the  trailing  oold  front#  and  oan  result  In  a  weak  snowfall  in  the 
Delaware  area*  Usually  a  So  overcast  of  1000-1500  feet  and  light 
enow  fLurrles  are  the  only  related  phMiomena  ,at  Dover*  Snow  ritowere 

I 

from  off  the  Great  lakes  nay  cross  Uie  Appalaohlane  during  this 
regiiae  In  the  oold  outbreaks#  however#  there  Instability  type 
snow  flurriee  eeldom  readi  to  Dover* 


Figtnr*  Z’-fi 


wnnmt 

A  M  r«8\ilti  In  northsrn  lo«S|  trailing  cold  froista 
idileh  r«Mln  in  Canada^  and  aouthem  Iowa  idiioh  nova  aaatnird 
aeroaa  tha  Qulf  Ooaat  ataiaa*  If  the  high  axia  ia  north  of 
Dovorj  low  cloudai  fog«  drisale  aadat)  if  tha  axia  ia  to  tha 
aottthi  tha  waathar  la  oharaetarliad  by  the  warm  elaar  daya  of 
air* 
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WmIc  Mrldonal  flow  of  tho  jot  otream  and  a  rolatlraly  latanao 
Bomida  high  will  ooanonljr  produet  frontal  thunderatoma  along 
a  cold  front  from  a  aurfaea  low  norlng  juat  north  of  tha  jot* 
Sovorlty  of  thundoratom  aotlwltj  In  Dorar  area  will  dapand  on 
atrongth  of  500  ab  jot.  Qonarally  apoaklng*  aororo  thundar> 
atoma  ooeur  at  Dovar  whan  500  tb  flow  pattam  la  WSW  to  NW  and 
wind  Tolooltgr  la  approxlaataly  50  knota  or  nora.  A  500 
Baxlnun  laotadc  of  thla  apaad,  noalng  towarda  DoTar«  raaulta 
In  an  Idaal  altuatlon  for  aatara  thundar atoma*  Paat  acqparlanoa 
haa  Indloatad  that  thundaratorma  which  fora  orar  tha  Dalawara 
Panlnaula  art  mora  llkaly  to  product  aarara  waathar  aa  co^arad 
to  thoaa  whloh  form  waat  of  tha  Chaaapaako  Bay*  It  la  ballarad 
that  the  thTinderatonn  weaken  In  paaalng  aoroaa  the  Bay* 
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Figure  2-11 


SUMMERt 

The  "baOkdoor"  frontel  peetage*  With  a  strong  Bermuda  High 
extending  westward  to  the  Mississippi  VaUsgrf  persistent  hl{^ 
pressure  over  Northern  QuAee  and  the  Icelandic  Low  dlsidAced 
well  to  the  south.  Lows  wLU  form  north  of  Quebec  and  move  SB  into 
the  MldaAtlantlc  Low  with  a  trailing  cold  front  passing  over 
Dover  to  become  statlonaiy  In  Virginia  or  the  Carolines.  While 
the  front  is  south  of  Dover,  we  have  low  stratus  and  fog  (It 
will  go  below  200*  and  1/2  mile  during  April  or  May,  or  idilla 
the  front  Is  passing  Dover  from  south  to  north.)  With  the 
front  north  of  Dover,  HT  air  prevails  in  the  ares  and  late 
afternoon  and  evening  thundershowers  are  likely  to  occur* 
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WiTva  ftorn  a  low  in  tho  ▼loiniiyr  of  Britlah  Coluiri)la  aro  fad 
aeroas  the  Great  Plains  then  northeastMard  to  Labroador  with 
the  timlllng  oold  front  aoving  as  far  south  as  Cuba*  Extreiielj 
sold  CP  and  A  air  follow  the  oold  fronts  aooonpanled  bjr  the 
winter's  coldest  weather  along  the  east  coast*  In  ih*  reglaa# 
the  najor  trou^  Is  near  Dower  and  adwanees  or  retrogresses 
Bobs  15  degrees  to  parallel  tho  oold  fronts  as  they  sweep  off 
the  east  coast*  During  this  tins,  the  Beramda  High  Is  displaced 
eastward*  The  warm  frontal  weather  Is  the  major  feature  of  this 
type  of  system*  Ceilings  will  vary  from  500^1CXX)  feet  with  1-3 
miles  In  rain  and  fog.  Light  showers  will  generally  aceoBy>any 
the  cold  front,  although  often  times  no  weather  is  associated 
with  cold  front*  This  Is  especially  true  If  it  is  tdie  second, 
or  third  cold  frontal  passage  of  a  series*  Clear  skies  cmd 
gusty  surface  winds  of  25-35  knots  are  the  rule  following 
oold  frontal  passage* 
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This  situation  is  somsuhat  similar  to  Fig«2-13  exespt  major  trough  ovsr 
Mississippi  Valley  is  deeper*  This  is  usually  the  situation  acoonymnylng 
the  first  major  cold  outbreak  into  central  U.S.  The  major  low  pressure 
centers  track  across  the  Great  Lakes*  The  initial  cold  front  passage  at 
Dover  results  In  rain  showers  with  ceilings  1000-2000  feet,  and  visibilities 
1-3  miles*  The  weather  is  brief  and  confined  to  the  inatsdiate  frontal  sone* 

This  type  situation  is  ideal  for  formation  of  Gulf  lows  on  the  trailing  cold 
front*  These  waves  deepen  rapidly  as  they  move  northward  along  the  eastern 
seaboard  producing  widespread  low  ceiling,  poor  visibilities,  and  strong 
surface  winds*  Conditions  at  Dover  remain  above  GCA  minlmums,  but  gusty 
stirfaee  winds  of  the  order  of  30-40  knots  are  not  unconmon*  This  is  not 
an  ideal  situation  for  snowfall  at  Dcwer  depending  on  t enperatures  and 
depth  of  cold  air  over  Dover*  As  a  rule,  if  surface  winds  are  from  the 
ENB  through  south,  rain  will  occur.  If  surface  winds  are  north  to  nortii- 
easterly,  snow  is  likely*  The  rain  va  snow  forecast  study  in  Section  IV 
will  assist  the  forecaster  in  determining  if  precipitation  will  be  rain  or 
snow* 


In  some  cases,  the  Gulf  wave  may  develop  into  the  main  storm  center  thus 
setting  the  stage  for  the  initial  invasion  of  Artie  air  ihto  the  Eastern 
U*S*  This  development  generally  culminates  in  a  low  index  situation  over 
U*3*  and  fair,  but  windy  and  very  cold  temperatures  are  likely  to  persitt 
for  several  days* 
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DIAGRAMS  AND  CHARTS . 3-Z 


SECTICN  III 


aiMAnC  AIDS 

The  following  Diagrams  and  Graphs  were  made  from  data  gathered 
over  a  ten-year  period  and  incliide  Information  for  the  foUowlngt 
(both  monthly  and  annually) 

1*  Temperatures 
2«  Precipitation 
3«  Sl<y  Cover 
K*  Ceilings 
5«  Thunderstorms 

6.  Visibilities 

7.  Fog 

S»  Surface  Winds 
9»  Hurricanes 
10.  Summaiy 
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SECTION  IV.  LOCAL  f'ORECAST  STUDIES 


A.  INTRODUCTION . U-1 

B.  CLIMATIC  SUHMARI  OF  SEVERE  WEATHER  ADVISORIES  AT 

DOVER  AFB  AS  PREPARED  BY  THE  USAF  CLIMATIC  CENTER . U-2 

C.  OBJECTIVE  METHODS 

a.  THUNDERSTORM  FORECAST.; . U-4; 

b.  SNOW  FORECASTING  ALONG  THE  EAST  COAST . Il-9 

t).  SPECIAL  SYNOPTIC  STUDIES . . . 1*-31 

E.  EMPIRICAL  RULES . 


A.  INTRODUCTION t 


SECTIOH  IV 


IgCAL  FORECAST  STUDISa  ' 


!•  Th«  operational  weather  requirements  of  the  base  aret 

a>  To  prediotj  two  hours  in  adrance>  ceiling  and  visibility  of 
less  than  200  feet  and/or  1  mile  visibility. 

b.  To  predict)  at  least  2  hours  in  advance,  occurrence  of  thunder> 
storm  activity  and  severe  weather  aesoclated  with  thunderstorm,  to  Itv- 
clude  hall  and  surface  winds  in  excess  of  35  knots. 

c*  To  predict,  six  hours  in  advance,  ancwfalls  of  1  inch  or  more 
within  the  next  24*4aur  period. 

d.  To  predict,  at  least  2  hours  in  advance,  gusty  surface  winds 

in  excess  of  35  knots  and  direction  of  surface  tdnds  to  within  10  degrees. 

e.  To  predict,  at  least  2  hours  in  advance,  the  occurrence  of  freezing 
precipitation,  heavy  frost  and/or  freezing  temperatures,  following  a 

wet  snowfall. 

2.  Of  the  above,  items  a,  b,  c  are  the  most  important  and  perhaps  the 
most  difficult  to  forecast. 

3.  To  assist  the  forecaster  in  meeting  the  above  operational  require¬ 
ments,  we  have  developed  the  following  reference  aldsi 

a.  Cbjective  methods. 

b.  Special  synoptic  studies. 

c.  Enqpirlcal  rules. 

4.  It  should  be  noted  that  the  objective  techniques  were  recently 
developed.  It  will  require  several  years  of  verification  before  their 
true  value  can  be  determined. 


B.  aiMTIC  SUmARY  OF  ShVm.  WEAIHlii  ADVISORIiia  AT  DOTatl  ATR  ffnpnK  nASE: 
AS  PREPARED  BY  THE  USAF  CLIMATIC  CliJITER! 


CLIMATIC  CEKTER,  USAF 
AIB  WEATHI:R‘  SBIiVICS  (UATS) 
Annex  2v  ZZ5  D  Street,  S.M.. 
Washington  25*.  D.  C* 


CCCAD  kQ29  12  JMl  63. 

8«vextt  Vtethsr  AdYtsorlss  at  Dover  AFB 
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I4  Boferance  letter  9^X368^  16  Ikiy  61,  Bequast  for  Surface  Data* 

2*  Ve  have  examined  the  WBAKs  froa  Dover  AFD|  Andrews  AFB,  and 
Olmsted  AFB.  Tlvese  fonis  Include  all  the  dates  between  IfaMh  199$ 
and  Septexdber  i960  vhen  Severe  Veather  Advisories  vers  issued. 
Tsibulaticns  have  been  mode  of  maxisiim  winds,  peak  gusts,  and  thunder* 
atom  occurrences  at  each  base.  These  tabulations  vers  then  eonparsA  ' 
to  detexsalne  whether  Dover  AFB  received  fever  "hits"  than  the  other 
bases. 

3«  Besults  of  the  cooiparisanB  are  as  foUovs: 

a.  MaxlBun  gusts  reported  of  time)  when  valid  advisories 
exist  • 

Dover  AFB  *  47^  of  time  hod  the  aaxl.imaB  gusts 

Andrews  AFB  -  3$^  of  tins  had  the  maximua  gusts 

Olmsted  AFB  •  of  time  had  the  mmclmun  gusts 

b*  Maximum  steady  wind  reported  as  Is  a  above. 

Dover  AFB  •  4l^  of  time  had  the  maxlanaa  steady  vlad 

Andrews  AFB  >  Jl&jt  of  time  hod  the  maximua  steady  wind 

Olmsted  AFB  «  21^  of  time  had  the  maxlaua  steady  wind 

e.  Thundorstozms  reported 

Dover  APB  •  3Zl>  of  time  SWVf  was  in  effect  ’ 

Andrews  AFB  •  33^  of  time  SVA-f  was  in  effect 

Olmsted  AFB  -  22^  of  time  BMW  vas  in  effect 

4.  A  further  analysis  of  the  frequency  of  winds  (daily  peak  gusts) 
over  39  knots  vas  made*  During  the  period  stated  tbsre  vara  98  days 
when  Severe  Woathor  Advisories  were  Issued;  of  these,  there  vers  7  days 
during  which  Dover  experienced  gusts  higher  tbon  35  knots  *  a  frequsaey 
oQulO^.  However,  only  one  of  the  gusts  was  under  sO  knots,  end  tbs 
hie^st  vas  4$  knots* 
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5.  Conoluoiotui  from  tho  anlyoog  ladieat*  that  tha  Imok  of  Itiia*  Itt 
early  I961  vas  not  in  lino  vlth  post  hietoxy.  VhlXe  the  offset  of 
Cboeapeaka  Soy  on  tbs  Dover  veatber  nay  havo  soe»  teorlnSf  tlioM  is 
little  to  so  on  irtwn  eonslderlns  tho  prevlouf  yoars*  An  oansdnotlen 
of  the  8taaaar&  omnaarios  for  Dover  and  Andrews  hsui  revealed  that  only 
durlns  May  and  Soptenibor  does  Andrews  have  more  tfaunderstoxna  than  does 
Dover*  (hie  faotoTf  however,  sioy  Indicate  a  posslbla  Chesqpealie  Bay 
influoneej  that  is,  Dover  had  more  noctuxnal-type  thundsrstoms  thn  did  . 
Andrews*  These  data  from  the  otoadord  stamarles  ara  for  the  most  part 
from  an  idmtloal  moibor  of  ohservetions* 

6*  Your  statemont  that  the  standard  suaanrles  indioate  oritioal  wind 
spoeds  over  39  knots  occur  rarely  is  quite  right*  Bouever,  these 
tabulations  ore  based  on  stoody^stato  (l<>ialnute  averaged)  winds  and  do 
not  Include  cuota*  Using  o  gust  factor  of  about  1*3*1*9  will  oive  a  steady* 
state  wind  of  29  knots,  a  probable  gust  of  39  knots*  Therefore,  to 
detonnlne  the  frequency  of  wind  speeds  in  tlio  >  35*l<not  catasory,  yott 
fihwiiiA  use  the  29  knot  catcQOxy  in  the  stondord  suomarleo*  We  feel  thle 
is  Justified  becouse  tho  peak  gust  will  verify  a  wlnd»vaxnin8  forsoost* 

7*  From  all  these  analyses  and  otatenonts  cemoa  the  final  concluding 
advices  the  oost  likely  clixnatologicol  wind  forecast,  whon  Dover  is  is  a 
Severe  Weather  Area,  is  steady-state  wind  of  29  knots  with  gusts  to  39  knots^ 
with  a  10^  risk  of  gusts  to  k3  knots,  (ktsts  above  49  loots  Should  ba 
considoxed  only  when  tbs  base  ocraaandor  wonts  a  "no  risk"  forecast*  Tbit 
"no  riok"  wind  speed  is  essentially  the  peak  gust  stated  in  tho  Sovtrs 
Weather  Advlsozy* 


B.  H.  mmz 

Deputy  Director 


e. 
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0.  OBJECTIVE  METHODS t 


a.  THUNDERSTORM  FORECAST 

♦OBJECTIVE  THUNDERSTORM  FORECAST  FOR  DOVER  AFB,  DEL. 
Author I  l/Lt  George  L.  Schofield)  Jr. 

Date  Completedt  ^  September  1961 


♦Based  on  "Objective  Thunderstorm  Forecast  for  Eastern 
Virginia")  as  published  in  the  1961  February  issue  of  the 
AWS  Bulletin. 
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Projeoti  ObjeotlvB  Foroouit  Studyi  Tb  sYCluate  an  <fhjeotiY«  thottitratefn 

pr^otlon  taolnique  basud  on  a  atudy  for  Bastam  Urgl^la 

anrt  daoorlbad  In  the  Fbruazy  1961  Icane  of  tho  AtS  BullatlB* 

Progroaa  Haporti  Farioi  6  June  to  9  Ootobor  1961# 

1#  The  1200Z  Uaehin^n  ooundlnr  (PC4)  vaa  used  to  dutainlne  two 
paramatora  whLoh  woi«  extraotod  from  a  nonogim  In  a  jraa  or  no  fonu 
(Attaohnunt  1&  2) 

2#  Tho  foUovdns  la  a  annmazy  of  tho  vorlfioatlon  of  this  nethodl 


Nr  of  ^ 

Oaaae  >  Foreonat 

HSRHHI 

- : - f 

Rcnarka 

.  Test  !io 

17  X 

1 

.  i 

Thunriorstomo  within  20  ^h.  of  \ 

Station  Included » 

10  X 

1 

.  !_x 

i 

f 

21 

X 

X 

i 

1 

X  X  i 

j  1 

i 

1 

8  X 

1 

X  !  X 

1 

i 

Momograr  indloated  yoa  and  no#  ITwo 
oanos  of  y'  o  on  I*  MC  "3I*  alia 
vi;rlflod  as  T:n#  Six  oaaoa  did 
not  verify# 

Plndingat  li  Thlfi  ob^eotlvo  t  oohniquo  la  voiy  pood  for  forooaatinc  thuwiar- 
otoma  In  t.ho  Oovor  a;oa  dm’inr:  the  period  June  through  Septenn* 
bor#  Tho  Initial  vorlfloTtion  of  25  oasoa  during  tho  period 
8  Juno  to  9  AuTuat  tmo  TO  p<.Tcent»  Tho  overall  voriflaation 
through  5  Oatober  1961  wao  only  66  poroent#  The  roduood  vori» 
floetlon  lo  due  to  tho  larger  rmnb>-r  of  "buata"  In  Sopteeiwr# 
Thoroforo,  boliova  tho  otudy  a'oull  bo  confined  to  the 
BXOTior  months  of  June  throu'.h  Septenb^r# 

Finllrco*  2«  733  and  no  forecast  did  not  vorlfy#  Thorofore,  whan  a  yoa 

aivl  no  annvor  lo  Indloitod,  tiio  foivioaet  ahoul  1  be  no  vrlth  tho 
following,  oicooTitloni  A  yos  on  graph  one  vdth  otrong  oyclmlo 
ourvature  at  the  surfacoi  foi'eoast  yos# 
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('^rojectj  Objective  Forecast  Study:  To  evaluate  an  objective  thunderstorm 
prediction  technique  based  on  a  study  prepared  for  iiastern 
Virginia  and  described  in  the  February  1961  issue  of  the  AMS 
Bulletin. 

Progress  Report;  Period  2?  April  through  31  August  1962. 

1.  The  following  is  a  sumiiaiy  of  the  verification  over  the 
above  period: 


Nr  of 
Cases 

Forecast 

Observed 

Remarks 

Yes 

No 

Yes 

No 

32 

X 

■ 

B 

B 

Thunderstorms  within  20  miles  of  station 
included 

9 

X 

X 

71 

m 

X 

4 

X 

X 

3 

X 

X 

B 

liomogram  indicated  yes  and  no. 

Findings;  Verification  86/j.  livcn  if  v/e  excluded  the  71  cases  of  “No” 
Forecast  -  “No”  Observed  (assuming  that  we  wouldn't  have 
forecast  thunderstorms  even  without  the  objective  technique) 
verification  is  66  percent. 


c. 


OBJECTIVE  METHODS  t  (Continued) 


b.  5NW  FORECASTING  ALONG  THE  E^T  COAST 

"Snow  Forecasting  Along  the  East  Coast  with  Technique 
for  Predicting  Snowfall  at  Dover  Air  Force  Base" 
Authorj  l/Lt  Joseph  A,  Ships,  Jr. 

Date  Completedx  28  November  1961 
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flNQtf  rmckstm  along  the  east  oonaif 


Prepared  ^ 

Lt  Joseph  A*  Shlpe,  28  Hov  6l 

I  think  the  foUoviing  quote  from  J.  J*  George  aptly  describes  the  problwB* 
'^Ranking  neoct  to  fogi  heavy  snoKfall  (enowstome)  cause  the  greatest  amount 
of  operational  difficulties  to  aviation^  both  military  anl  coBmerolal*  To 
the  general  publlCj  they  are  trLthout  doiht  the  worst  oomnon  manifestation 
of  the  weather]  to  the  forecaster^  they  seem  to  be  the  "ultimate  ejqjresslon^ 
of  the  weather  elements^  because  of  the  oomplexi'^  and  nuidber  of  factors  In^ 
volved  in  their  formation  and  prediction." 

It  has  been  found  that  mos)(^jor  snowstorms  are  closely  assobiated  wL^  strm^ 
troughs  of  the  main  jet  stream  approaching  the  boundaries  of  sharply  contrast^ 
Ing  air  masses^  and  the  resulting  major  surface  cyclone.  Howeveri  because  of 
the  infrequency  of  major  snowstorms  at  any  one  location  in  the  U.S.j  local 
forecasteirs  have  very  little  experience  to  call  on  for  idiat  oey  be  their  most 
loqxirtant  assignment.  It  is  the  purpose  of  this  seminar  to  join  togetiier 
the  latest  research  results  of  cyclone  intensification  with  those  of  precipi¬ 
tation  quantities  and  types  for  a  general  heavy  snowstorm-forecasting  guide 
over  the  northeastern  U.S.  To  accomplish  this'^  two  forecast  methods  and  a 
list  of  rules  of  thunfc  will  be  discussed.  The  first  method  is  a  general  fore¬ 
cast  guide  for  snows  of  10"  or  more  and  the  second  is  a  method  developed  for 
Washington,  O.C.,  that  can  be  adapted  for  use  here.  The  Washington  method  is 
for  snows  of  5  inches  or  more. 

The  heavy  snow  forecast  study  was  prepared  by  R.  £.  Bailey  and  is  reproduced 
In  George’s  text,  "Weather  Forecasting  for  Aeronautics". 

The  forecasting  data  were  chosen  so  that  the  heavy  snow  generally  fell  during 
the  second  half  of  a  2A-hour  forecast  period.  With  the  causes  of  the  haavy 
snow  determined  in  this  period,  forecasting  parameters  defining  a  heavy  snow^ 
storm  can  be  anticipated  by  an  experienced  foi^caster  an  addition  12  hours 
ahead,  making  a  24-3^  hoiir  forecast  quite  feasible.  The  southern  geographical 
limit  of  heavy  sncwstorms  coincides  c^te  well  with  the  annual  ten  inch  anow- 
fall  line,  "^ey  are,  however,  extremely  rare  south  of  the  20  inch  annual  line 
shown  and  should  be  forecast  south  of  this  line  only  under  the  most  favorabls 
conditions. 

The  forecasting  of  cyclone  deepening  is  closely  associated  wltii  trough  movs- 
ments  and  vortlclty  advection  at  upper  levels,  cold  air  advectlon  at  lovrer 
levels  and  the  presence  of  sufficient  moisture  in  close  proximity  to  a  ddep 
cold  air  mass. 

Over  a  period  of  eight  \dnters,  November  1949  throu^  April  1957|  some  132  syn¬ 
optic  situations  were  investigated  which  gave  moderate-to-heavy  snow  frcm  low 
centers.  Hundreds  of  smaller  cyclones,  or  low  moisture  situations,  were  elimi¬ 
nated  even  if  they  produced  6  to  8  inches  of  snow.  In  like  manner,  all  of  the 
Great  Lakes'  air  mass  snowstorms  of  late  autumn  and  edrly  winter  were  eliminated. 
Some  56  major  snowstorms  were  included;  a  sufficient  nusher  to  establish  a  set 
of  minimum  synoptic  conditions  to  guide  the  forecaster  and  to  enable  hia  to 
avoid  over-forecasting  to  a  dangerous  degree.  These  conditions,  starting  aloft, 
were  as  follows. 


1*  500  nfci  At  least  a  70-toot  observed  Isotaoh  maxlimas  blotdjig  through  the 
trottgh*  Including  at  least  a  ICrO  Isothem  ribbon  of  not  store  than  300  nUss 
^  uldth  and  the  troti^  moving  eastward  with  a  speed  of  at  least  20  knots. 

2.  850  Bfct  Cold  air  adveotlon  in  the  southwest  quadrant  of  the  surface  low 
and  not  more  than  1000  miles  away. 

3*  Surfacet  All  the  major  storms  reach  at  least  a  20  count.  Ihe  term  count 
Is  used  to  define  cyclone  Intensity.  This  Is  the  sum  of  the  gradient  la  A, 
measured  600  miles  In  each  cardinal  direction  from  the  low  eenter«  divided  by  4. 

Now  let  us  amplify  these  conditions  at  each  level  and  find  out  what  informtion 
Is  needed.  At  the  500  nh  levels  the  Isotach  max  ann^o therm  ribbon  were  usually 
located  west  or  southwest  of  the  surface  low  to  be  a^penddf  at  an  average  dis** 
tance  of  about  500  miles.  Another  important  factor  In  predicting  these  severe 
snowstorms  Is  the  concept  of  diffluent  contoTirs  measured  at  500  sb.  Such  diffluent 
contours  over  the  surface  low  are  present  in  a  good  majority  of  the  heavy  snow¬ 
storms. 


Ill ur t, rollon  oT  Difriuenl  Gontourr,  at  *^00  mb  level 


In  the  above  llliistratlonj  the  dmmstream  contour  apace  count  is  about  3*5  •  ^%s 
upstream  count  is  about  5* 5*  The  ratio  of  the  upstream  count  to  the  downstream 
count  is  called  the  "diffluence  ratio",  and  here  amounts  to  about  1.6.  When  the  ratio 
reaches  1.5>  the  surface  lo»f  begins  to  "slip  out  of  gear"  with  the  steering  flow  ' 
aloft,  slov/8  down,  curves  to  the  jtoft  into  colder  air,  and  causes  heavy  snow. 

When  the  ratio  reachee  2.0,  these*" effects  become  pronounced  and  often  lead  to 
capturing  of  the  surface  low. 

A  special  feature  to  notice  is  the  occasional  appearance  of  a  concentrated  Isotach  . 
max  far  up  ^e  west  side  of  a  500  sb  trough.  It  usually  shows  lOO-toot  winds 
and  a  300  mile  wide  leoUierm  ribbon  of  15°C  or  more,  bordering  taupe,  well  below 
-30^  in  the  trough.  These  featxu'es  are  the  reflection  of  an  intense  Isotach 
max,  possibly  as  large  at  2p^|p3dt8  in  the  overlying  jet-stream  core,  which  will 
race  throu^  the  trough  within  24  hours  and  often  creates  a  major  storm  in  30 
to  36  hoursl 
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Moring  dovm  to  the  650  nb  level*  It  ias  found  that  the  neoeseaxy  cold 
adveeUon  for  aU  major  oyelonee  can  best  be  msaeured  here*  The  cold 
advectlon  center  Is  determined  from  open  CMitours  going  throu^  the  trou^* 


Looal.lon  of  an  or  70f)-inb 

Gold  Mvectlon  Center,  marked  "Ag^" 

Ihls  center,  Ac  In  the  illustration,  should  always  be  in  the  southwest  quad¬ 
rant  of  the  surface  low,  and  not  more  than  1000  miles  away*  The  wind  through 
Ac  must  be  at  least  20  knots  and  the  isotherm  field  A-C  at  least  lO'^C*  The 
product  of  the  2  parameters  obtained  should  not  drop  belotf  250*  In  the  case 
of  a  cold  advectlon  center  at  the  extreme  range  of  800^1000  miles,  a  product 
of  at  least  UOO  to  450  is  needed* 

Lastly,  we  come  to  the  surface  conditions.  In  nearly  all  potential  heavy  snow 
sittiations,  a  low  is  alreadr  present  under  southwest  flow  aloft*  For  heavy 
snow,  a  low  of  initial  count  less  than  20  ni>  should  intensify  by  at  least  10  id} 
in  the  succeeding  24  hours  to  a  minimum  count  of  20,  unless  the  center  is  initi¬ 
ally  17-19  count  and  deepens  to  a  20-  plus  storm*  All  snow  producing  stoins 
deepening  to  a  30  count  are  heavy  and  of  the  bliszard  type*  A  minimum  surface 
dewpoint  of  40°F  must  be  observed  vdthln  300  miles  of  the  low  in  the  warm  sec^r 
at  forecast  time.  If  a  low  is  already  captured,  that  is,  within  250  miles  of 
a  500  id}  cold  low  center,  the  heavy  snow  stage  is  usually  over*  However,  if 
the  system  remains  stationary,  a  light  to  moderate  rate  of  snow  may  accumulate 
large  amounts  over  a  24  to  4d  hour  period*  It  should  be  stressed  that  if  a 
deepening  low  is  expected  to  go  into  the  capturing  process,  it  will  usually 
produce  a  heavy  snowstorm  while  being  captured. 

The  heavy  snow  area  is  usually  located  in  the  northwest  miadrant  of  the  low, 
with  its  western  boundary  near  the  700  nh  trou^  line*  ^lia  rule  appliee  to 
all  lows  starting  under  diffluent  contours  at  500  idb,  but  for  storms  moving 
under  straight  contours  aloft,  the  snow  will  fall  in  a  100-200  mile  strip  to 
the  left  of  the  predicted  track,  taking  place  in  thenorth  quadrant  of  tile 
low* 


Th6  following  ogrolono  doepenlng  graph  ooihlMS  the  lajportent  Tortleitgr  edveeiloo 
and  oold  adreetion  factors  In  one  simple  diagram  that  requires  onljr  a  few 
minutes  for  the  oongnitation  of  qrelone  inteneitgr  24  hours  in  advanoe*  the  graph 
clearly  defines  the  great  storms  that  deepen  begrond  a  25  count,  along  with  the 


JlST  STREAM  FACTOR 


A  2li  hr  Cycl'ine-Intensity  Prediction  Graph 

east  coast  oyclongenesis  of  explosive  proportions  tdiieh  reach  a  20  count  within 
18  hours* 

The  attached  worksheet  should  be  used  to  list  the  minixaum  conditions  at  each 
level. 


VKAX  SHUT  30 
HEAVr  SNOWSlOnO 


th«  Mthod  of  toroooBiing  howy  momtonM  is  by  a  prooMs  of  ooablnliig  gynopilo 
faotort  Mot  a  aorlaa  of  as^ariMhtally  daiorntoad  adninMi  as.  diaottaaad 
In  tha  body  of  tha  taxb* 

1.  Mlnlmm  Kaqulrannta  at  500  tt 

a*  Trough  looatad  300  to  700  adLlaa  wast  of  aurfaea  loa  eantar*..** 

b«  Stop  hero  If  trough  la  filling^  or  naxLanim  idnda  aaat  of  troui^ 
aM  ganarally  tirloa  aa  atrong  aa  thoaa  mat  of  trough* 

0*  laotaeh  naxlnuai  of  70  knota  or  nora  with  a  10^0  laotharm  ribbon 
(300  mllea  wlda)  In  trou^  W  or  SW  of  aurfaoa  low*  Dlvlda 
lanm  wind  by  10  and  aquara  thla  flgura . . . . 

d«  Trough  noremant  20  knota  or  nora  during  paat  12  hr>  or  foraoaat 
aeoalaratlon  rata  If  Indicated*  Add  to  anawar  from  atap  "C*  and 
entar  Qyclona  Deepening  QraiAi  (Fig.  15*6)  with  eun*»*. ..«*««.«* 

a*  Dlffluanoe  ratlo;^  of  Contoura  ovar  aurfaea  low  oantar  of  at  leaat 
1*5  to  1  la  frequent  but  not  neoeaaary . . 

f*  Special  Caaat  100-knot  Isotach  saudmum  with  15*^0  laotham  ribbon 
on  weat  aide  of  trou^  ahould  be  uaed  for  trou^  maaauremanta  aa 
It  catchea  up  to  naln  trough* 

2*  Mlnlnum  ^qulrwnsnta  at  d50  nt  and  700  nt 

a*  Location  of  probable  anow  area  by  location  of  650-01}  0^  laotherai 
uaually  asaoclated  with  blocking  aurtace  high  In  Innadlate  future 
path  of  cyclone  precipitation  pattern* 

b*  Cold  advectlon  center,  Ae,  ahowing  at  leaat  20-knot  flow  of  at 
leaat  lO^C  over  600-inlle  range.  Product  mlnlnum  250*  A«  Located 
within  1000  mllea  (uaually  leaa  than  800  mllea)  of  aurface  low 
In  Sift  quadrant*  Enter  product  on  Cyclone  Deepening  Graj^*  * .  * «  .  . 

c*  Cold  advectlon  factor  at  700  nt  over  Rocky  Mountalna  If  850  mb 
doea  not  apply,  ualng  aame  meaaurements  aa  step  "b"** . . 

d*  Locate  maximum  dewpoint  at  850  nt  within  300  mllea  of  aurfaea 

low  center*  Should  be  at  leaat  -iltPC... . . . — — — . 

3*  Minimum  Surface  Requlrementa 

a*  Uae  Cyclone  Deepening  Graph  for  forecaat  cyclone  intenaity 
within  24  hr* 

(l)  Initial  low  count*  Should  be  lesa  than  20  nb,  ualng  600-mila 

radius  for  LaPlaolan  measurement . . 

i4-ll4 


(2)  Twenty-four-hr  foreoasi  of  cyclone  Intensity  from  graph 

should  show  at  least  lO-efe  deepening  from  perrlous  step> 
except  lours  already  17-*19Hnb  count* . . . 

(3)  Final  count  In  24  hr  ehould  be  20  ab  or  more* 

(4)  Add  5~ab  deepening  to  Step  (2)  for  lows  starting  along 

Bast  Coast  over  ocean*. . . 


(5)  Forecast  tiaok*  Should  be  north  of  60°.  Exoej^ont  A 
25  or  more  count  forecast  under  parallel  60-7(P$  500-ab 
contours  with  surface  and  S50-inb  dewpoint  nrinlnaane  45°F 
and  respectively,  within  300  miles  of  low  center... 

(6)  All  lows  under  diffluent  contours  at  500  nb  will  tract 
360°  to  50°. 

(7)  All  forecast  30-el)-count  cyclonee  with  mlnlmua  moisture 
requirements  at  S50  nb  and  surface. 

b*  Locate  dewpoint  maximum  within  300  miles  of  low  center.  Should 
be  at  least  40®F . . . . . . . 

0*  Surface  low  should  not  be  captured  (within  250  miles  of  500-ab 
low),  unless  forecast  to  remain  nearly  statlmary,  thereby 
causing  long  duration  of  a  hight-to-moderate  snow  rate  In  one 
location* 
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The  second  method  oonblnee  send-cbJeotlTe  methods  of  predletion  for  snoit^ 

stoims  In  Vlsshlngtoni  D*  C*  with  a  deep  san^e  of  experience  of  sueh  storms  as 
represented  by  some  59  occaslms  when  heavy  snow  oeourred*  In  this  study#  a 
major  storm  Is  defined  as  one  whloh  produces  an  accumulation  of  5  Inehes  or 
more  of  snow* 

Although  each  situation  has  features  not  comion  to  the  others*  a  general 
eynoptlc  pattern  does  evolve  and  the  outstanding  features  of  this  general 
synoptic  picture  are  as  foUowat 

SURFACE  MAPSt 

The  general  developmen^f  "Snowstorms'*  alor^  the  northeast  coast  are  the  restilt 
of  the  following  sequences*  listed  In  the  order  of  their  frequency} 

1*  Qyelogenesls  along  the  east  coast  with  the  stem  center  deepedng  and  moving 
northeast  off-shore  between  Ilatteras*  N.C*  and  Nantucket*  Mass* 

2*  Qyoloncs  in  the  Gulf  States  or  In  the  Gulf  of  Mexico  vdilch  deepen  and  move 
northeast  and  track  along  the  coast  line  from  Hatteras*  N.C*  and  Nantucket*  Mass. 

3*  Qyclones  moving  eastward  throu^  the  Ohio  Valley  and  crossing  the  coastline 
between  Hatteras*  N.C*  and  New  Yoxk  Cliy* 

The  surface  pressure  patterns  whidi  favor  snow  over  rain  in  the  norUieast  coastal 
area*  display  a  strong  anticyclone  over  or  Just  north  of  the  Great  Ldees  area  and 
low  pressure  over  the  Nova  Scotia  area* 

850  MILL,IBARS} 

In  order  to  prevent  the  air  at  this  level  over  the  northeast  from  being  warmed 
above  the  freezing  point*  the  zero  degree  Isotherm  should  be  well  south  of  the 
stations  along  the  coastline.  This  is  particularly  true  when  southerly  flow  is 
established  over  the  stations  for  some  time  before  the  stai*t  of  precipitation* 

If  the  zero  degree  Isotherm  is  close  to  the  stations  involved*  snow  will  not 
occur  unless  it  occurs  simultaneously  with  the  passage  of  the  ridge  line  to  the 
east  of  the  station.  In  mny  of  these  cases*  the  ridge  line  is  situated  across 
Pennsylvania  12  hours  before  the  onset  of  snow*  with  the  northern  boundary  of 
the  snow  area  marked  by  the  850  nfc  ridge  line.  strongest  warming  in  the  area 

under  study*  occurs  when  the  zero  isotherm  is  oriented  N\if-SE  across  tire  Ohio 
Valley  \/ith  west-oouthwest  winds  across  it  indicating  ^yarm  advoctlon* 

In  order  to  accurately  predict  snovmtorms  for  a  given  locale*  the  following 
meteorological  items  must  be  determined: 

1.  V/ill  the  precipitation  occur  in  the  form  of  snow? 

2.  The  intensity  of  the  snowfall. 

3.  ^e  onset  and  cessation  of  snowfall* 

This  study  deals  principally  with  items  one  and  two*  although  %  solution  is 
presented  to  determine  the  duration  of  moderate  and  heavy  snow* 
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IlM  tgrpa  of  proelpltaiion  la  dotondjiod  throui^  grm|>hio  anltlflo  oott^tlon 
basad  on  obiaetita  parasMtara*  tha  aolublotta  a3n  for  pariod  of  24  and  12  Itoura 
froB  data  tlna  to  ^a  onaat  of  praoipitation*  Tha  paranotaTa  aM  takao  ttom  tha 
aorfaoa  and  850  nb  oharta  naaraat  to  24  and  12  houra  bafora  tha  atart  of  tha 
praeipitatlon* 


The  ten^ratura  of  tha  lowar  ataoaibera  datanolnaa  the  i^e  of  praoipitation 
raaohlng  the  ground*  Baaantiall9r«  a  oorraot  foraoaat  of  the  team  at  tha  attr- 
faoa  and  at  the  850  ob  leral^  wLll  predict  praolp  tgrpaa*  Tha  nathod  uaad  here 
la  an  indirect  tanp  fbreoaat  for  thaaa  lav^s  ndlh  tha  final  aolntion  aaq)raaBad 
In  tama  of  praelp  tgrpaa*  George^  In  1947»  daralopad  a  pattern  aathod  to 
detamdna  the  tgrpa  of  precipitation  Ukalgr  to  ooour  at  New  Tozk  Oitft  aaaoolatad 
with  Atlantic  aacondaiy  atonna*  This  method  la  satlafactoiy  when  ^a  patbuma 
are  well  daflnedi  but  preaanta  diffleultlea  In  more  obeeura  altuatlooa*  Hila 
db^etion  to  tha  pattern  method  can  be  orareoma  by  nunerloally  indexing  the 
patterns  with  objeetite  meaauramenta  of  aorfaca  preeaure*  Tha  usual  surface 
prastrura  pattern  associated  with  snow  in  the  nor^aast  ooastal  area  of  tha  U*3* 
dlspilAys  high  pressure  to  the  nortii  of  the  Qraat  lakes  with  low  prasaura  orer 
tha  Nora  Sootla  and  New  Foundland  areas.  This  ar3‘angeraant  of  pressure  qrstens 
prorldas  general  northerly  flow  through  eastern  Canada  and  the  aastaznOrMt 
lakes  area  with  westerly  or  northwesterly  flow  through  New  Xaf^and*  As  a 
measure  cf  this  circulation  pattern)  the  surface  pressure  dlfferema  between 
Green  Bsy^  WLsoonsin  and  Portland)  Mains )  (Pgrb'‘Ppwni2*  to  aualuata 

the  flow  through  eastern  Canada  and  the  eastern  Great  lakes  area*  ^  flow 
Index  so  obtained  Is  plotted  against  the  sum  of  tha  surface  tanqi  and  dewpoint 
In  tha  first  stage  of  multiple  correlation*  The  sum  of  ths  tanp  and  dewpoint 
la  used  as  a  quick  appiMxlmatian  proportional  to  the  wet  bulb  t«p* 


The  second  phase  of  the  multiple  oorralatlon  Involves  the  850  id>  level*  The 
nmjor  factor  at  850  la  warming*  Therefore)  It  becomes  neoeeeazy  to  measure 
the  Bonal  advection  at  850  over  a  large  area*  Adveetdon  of  warmer  air  into 
the  northeast  coastal  area  for  the  layer  between  the  surface  and  850  is 
associated  with  the  breakdown  of  high  pressure  and  the  increase  in  low  level 
thickness  through  eastern  Canada  and  the  eastern  Great  Lakes  area*  However) 
strong  warming  at  850  just  prior  to  precipitation  Is  quite  rare*  The  maximum 
warming  during  the  24  hour  period  preceding  praolp  at  Washington  Is  7®C*  Teape 
below  -7®C  indicate  snow  if  preclp  is  to  occur  within  24  hours*  If  the 
air  mase  is  extremely  cold)  the  current  850  temp  le  a  very  good  forecaet 
paramsteT)  however)  in  the  range  from  near  sero  to  -4®)  it  beeon  e  quite  obeourc* 
fee  advection  at  850  plotted  against  the  present  temp)  is  the  second  stage  of 
the  multiple  correlation* 

The  method  of  determining  the  advection  Is  based  on  a  series  of  measuremshts 
of  the  flow  and  temp  fields  at  850*  The  net  sonal  component  of  the  flow  thrcaii^ 
a  large  portion  of  eastern  Canada  and  the  eastex*n  U*S.  Is  obtained  by  msasurlng 
the  difference  in  height,  in  tens  of  fast)  bebween  OreeiMborO)  M*0.  and  Mooconco) 
Ont*,  (G-SCbiie-  Ho*w4*  Positive  values  will  indioate  a  net  west  wind  with 
negative  values  indicating  a  net  east  wind*  The  east~west  teaq}  gradient  at 
approximately  the  mid-point  of  the  line  used  to  determine  the  sonal  flnw  Indn 
Is  measured  by  detwndnliK  the  temp  difference  betwewi  Albany)  H*T*  and  Flint) 
Mich*)  (fltBrfs#-  product  pf  the  sonal  flow  in^  and  the  east- 

west  tmp  index  is  used  to  obtain  unite  of  sonal  adveotioo) 
j|/)L6ri5e  -  values  Indicate  cold  amveotlon* 
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The  net  mrldlonal  flow  aoross  the  Great  Lakea  to  the  nortiieaet  ooaet  Lb  iMOUred 
the  difference  In  hel^t  between  Green  Bar#  Wls.  and  Portland^  He*. 

^  )  *  Pooltlre  valuea  will  Indloate  a  north  wind  and  negatiTe  a  south 

wind,  ^e  north-oouth  temp  gradient  aoroee  this  line  at  appxoxlnateilr  the  nl^ 
point  Is  determined  by  meaeuring  the  difference  in'  temp  between  Pltteibur^  and 
ManlwakSf  Quebec^  (  FI  TrBs0  “  product  of  the  m^dlonal  flow 

Index  and  the  north-south  temp  IndeXy 

Is  used  to  obtain  unite  of  meridional  achreetlon.  Positive  values  Indicate  o(^ 
adveotion  and  negative  warm  adveotlon. 


The  total  adveotlon  le  the  sum  of  the  zonal  and  meridional  advectlon  with 
positive  values  indicating  neVcold  adv^Uon  and  ^negative  Indleatli^nat  warn  .  . 
adveotlon.  0^1  M ^ iTrgg,-  MV^iw) 


Ihe  final  solution  is  obtained  In  stage  3>  in  which  the  value  of  the  stage  Ij  or 
surface  data,  is  plotted  against  the  value  of  stage  2  or  tiie  d50  ofc.  data.  The 
parameters  are  obtained  in  identioal  fSa^iion  for  both  24  and  12  hours.  FoUowlt^ 
are  the  charts  for  12  and  24  hours,  with  a  map  and  woticsheeti 


The  Stage  One  Graph  is  based  on  surface  data*  The  flow  index 
is  obtained  by  subtracting  the  pressure  at  Portland,  ^ialne 
from  the  pressure  at  Greenbay,  Visconsin.  (Pqrj  *  ^PWM^ 

The  Stage  Two  Graph  is  based  on  SSOihb  data.  The  advection 
factor  is  obtained  through  the  following  computation) 
(GSOj-VOj)  (ALD^-PNT^)  /  (GnB^-PWK!^)  (PIT^-klW^) 

The  Z  walues  are  expressed  in  tens  of  feet. 

The  T  values  are  expressed  l.n  degrees  centigrade* 

The  final  sum  is  expressed  in  hundreds  of  units* 

In  The  Third  Graph  the  plotted  letters  have  the  following 
significancet 

R  -  Rain  E  -  Sleet  RS  -  Rain  &  Snow 

S  -  Snow  ZR  -  Freezing  Rain  ER  -  Sleet  &  Snow 

The  arrows  connecting  two  letters  indicate  a  change  from  one 
form  of  hydrometeor  to  the  type  indicated  by  the  point  of  the 
arrow.  Points  falling  in  the  lower  right  zone  of  the  graph 
indicate  snow  as  the  proper  forecast,  whereas  piints  falling 
in  the  upper  left  zone  indicate  rain  as  the  proper  forecast* 
The  central  portion  of  the  graph  bounded  by  the  two  heavy 
curves  represents  the  transition  zone  from  rain  to  snow* 

Since  this  constitutes  an  area  of  uncertainty,  the  proper 
forecast  in  this  zone  should  be  a  combination  of  rain  and 


snow* 


WO:iK  SHiSaT  for  SUC/BTORJC  at  DOVaR,  DiiL. 

This  ifork  sheet  nhonld  he  vsorl  after  the  startinr^  time  of  precipitation  has 
been  predicted.  The  computations  are  rf,ade  from  the  surface  and  0^0  mb  charts 
nearest  to  2I4  and  12  hours  before  the  .-itort  of  precir)i.t'd/lon  at  Dover,  Del, 

TUfi  VALUES  CA!^  OE  E.'ITERED  EITflER  TI!E  2h  OR  12  HOUR  GUAlVfS,  DEPEf^PEUT  ON 
THE  TIPIS  INTERVAL  EET.'IEE:!  T*iE  anUlEUT  CHARTS  AMD  THE  FORECAST  TIITE  OF  FHE- 
CIPITATIOW,. 


1,  Subtract  the  surface  pressure  at  Fortland,  ito,  from  the  sur¬ 
face  pressure  at  Grecnhay,  ’‘.’is,  (Pf.,^p_Pj, ,.,i) 

2.  Note  the  sum  of  the  surface  temp,  and  dewpoint  at  Dover,  Del, 

3*  Enter  the  values  from  rtepn  (l)  and  (2)  in  stace  one  of  the 
forecasting;  -graphs  ajvi  record  the  value  indie ?>y  the 
weight  lines. 


ll.  Note  the  temp,  at  Dovr,  Del,  on  the  mb  charl., 

5,  At  H'^O  mb  subtract  the  hoiftht  at  Hoonsonee,  Ont,  from  the 
height  at  Grecnaboro,  H.G.  and  record  in  ten's  of  feet. 


G!102e5o-aiI->\;<„ 


6,  At  8'^n  mb  .-'’iMraot  tluj  temp,  at  Flint,  ''Ich,  from  the  temp, 
at  Albany,  '■•'ft  (ALH.p^f'Q— 

'll.  Multlpl”'  t’lG  values  obtalnol  in  r1.  :r,r  (H)  and  (A), 


8,  At  8^0  mb  subtract  the  he’^ht  at  rortlsnd.  Me,  from  the 
het;;'ot  at  f^-rcenbay,  b'is,  and  j’euord  in  ton's  01  feet, 

'‘\-.8h'0 

9,  At  8'^0  mb  subtract  the  temp,  at  flanaval'i.,  Rue,  from  tlie  temp, 
at  littsburijli,  Fa,  (F:i'I-ppr;Q-GiiiJ.j,Q|VQ) 

10,  Multiply  the  values  obtained  in  stops  (8)  and  (?), 


11,  Add  tho  values  oi'taintvj  in  stops  (7)  and  (lO), 

(Entered  In  IfXi'.s  of  units) 

12,  .inter  the  values  from  sl.eps  (It)  and  (ll)  in  the  st8'‘;o  two 
praphs  and  record  the  value  indicated  by  the  weight  lines, 

13,  Enter  the  values  from  steps  (3)  ^nd  (13)  in  the  final  ["jraph 
for  the  forecast  of  precipitation  lypc, 

Ih,  To  dotermino  I, ho  cuilin:  and  visihility  forecast,  enter  the 
prognostic  posit,  ions  of  tho  .sirr'.'ace  cyolone  on  the  stiow  zone 
chart. 
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30  ‘JO  50  60  70  ftO  -VC 

.  SUM  OF  SURFACE  TEMPERATURE  AND  DEWPOINT  AT  WASHINGTON 

VASHINQTON  12  HOUR  QRAPH 
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AOVECTION  FACTOR 
WASHXNQiaf  la  HOUR  GRAPH 


bTAGE  ONE 

# 

WASHINGTON  12  HOUR  ORAIli 


c 
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OlTtn  ft  sltuatlmi  in  which  snow  idll  oeouTt  the  next  etep  ie  to  prwllet  the 
intenslV  of  the  enowfell*  Ihe  epproeeh  used  to  deteradne  thie  feetoM  wfte 
hfteed  on  the  duretlon  of  low  oeUinge  end  eleibllltlea*  °pehifie  eftlneo  of 
ceilings  end  visibilitlee  were  eesigned  to  heftiy  aoderete  end  liidit  snow  in 
tile  following  fftShioni 

!•  Heavy  enow  -  oeiUnge  leas  than  200  feet  or  visibllitgr  lees  than  1/2  adle* 

2*  Hoder&te  snow  «  ceilings  200  feet  throned^  400  feet  irisibilitp  1/2  idle  up 
to«  but  not  itwluding  1  adle* 

3*  Light  emow  -  ceilings  500  feet  or  hi^er}  visibilitgr  1  idle  or  bettor* 

The  synodic  situations  which  produce  heavy  or  moderate  enow  fbr  porioda  of  mere 
than  a  few  hours  duration  are  aseodlated  with  the  passage  of  a  surface  vnlom 
to  the  south  and  east  of  the  station  involved*  The  most  favorable  eituation 
for  heavy  snow  is  associated  with  deep  or  deepening  corclonea*  The  hiftoiy  of 
the  storm  situation  falls  into  the  3  categories  mentioned  earlier*  They  wMe| 
the  Gulf  States  low  moving  northeast  along  the  Atlantic  Coast>  a  cyclnne  forming 
along  the  coast  and  moving  northeast  and  a  low  froa  the  Ohio  Yallay  moving  east 
into  the  Atlantic  crossing  the  coast  north  of  Hatteras* 

For  all  such  cydonee  producing  snow  at  Uashington,  the  ceiling  and  visibilities 
were  plotted  at  the  position  of  the  low  center  at  six  hour  intervale  as  the 
low  moved  northward*  From  these  plots  was  obtained  the  following  charts  tiiich 
showB  that  a  sane  exists  in  which  the  ceilings  and  viaiblUties  indleata  heavy 
enow  as  defined  earlier  and  a  larger  area  idddi  indicate  e  moderate  snow*  This 
chart  should  be  used  in  conjunction  with  the  prognostic  positions  of  the  eurfaoe 
cyclone.  The  ceilings  and  visibilities  should  be  forecaet  in  aocordanoe  with 
the  poaitions  of  the  cyclone,  relative  to  the  moderate  cuid  heavy  enow  aonee* 

The  d\iration  of  low  ceilings  can  be  predicted  from  the  time  of  entry  to  the  tine 
of  exit  from  the  low  ceiling  sone*  The  prediction  of  moderate  snow  sons#  is  bassd 
on  the  predicted  ttnw  that  the  surface  cyclone  will  enter  end  leave  the  moderate 
snow  acne*  The  same  holds  for  heavy  snow*  A  suggested  value  tor  ceiling  and 
visibility  when  the  low  is  in  the  moderate  sone,  is  300‘  and  3/4  alle*  In  the 
heavy  zone,  100«  awl  l/k  mile,  is  a  suggested  value  for  ceiling  end  visibility* 


Rules  of  Thunb  for  snow 
R50  mb  Temp 

-20C  or  less  at  the  start  of  the  preoip 
-7®C  or  less  24  hours  before  preoip  Is  to  occur 

700  nfc  Temp 

-7°C  or  less  at  the  etart  of  the  precip 
General  Temp 

Temp  above  900  nb  below  freezing} 

1il(st4}ulb  temp  below  900  nb,  below  freezing* 
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1000^500  Bb  thiotaaflag 


179CX)  or  groater 
17600 
17700 

17400-17600 

17300 

17200  or  loss 


10-90  Snow 
24^76  " 
41-59  " 
50-50  « 
86-U  “ 
95-05  « 


Anol^er  djgportaat  factor  is  ataosphsrio  otellng  fay  asltlng  snow  in  loMsrlBg 
ths  frseslng  lerel  to  the  grou^*  Ostsnalns  the  arerags  ^f4T*aboiSi  frssiing 
on  the  SksieT  Log-P  OiagraBu  ^n  to  dstemins  the  anouat  of  Hqicdd  ptwdLp 
needed  to  lower  the  freesing  level  to  the  surface^  use  the  following  sqiMUoai 

X=  560 


Amount  of  Snow 

1.  Deterndno  the  difference  of  nrijdne  ratio  in  mMg  between  the  base  and 
top  of  the  moiat  layer.  0.02  in/hr  of  liquid  precip  will  occur  for  eaoh 
gD^cg  of  moiatoro  precipitated  by  cooling.  Dotennine  the  product. 

2.  Multipily  thia  value  by  the  nusher  of  hra  that  piecip  is  foreoasted. 
This  gives  you  the  total  liquid  precip. 

3.  Multipily  this  result  by  10  to  obtain  the  snow  depth. 


Ref erencen ; 

"Weather  Forecafjtinfj  for  Aeronautios"  by  J,  J.  George 

"An  Analogue  %thod  for  Forecastine:  Heavy  Snow?  at  Washington,  Mew  York 

end  Boston"  by  A.H.  Stakely  and  it.M,  V.Tiiting 
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l>.  smiiH  sf^amQ  sroonst 

A  oa««  atud}^  of  a  "baok-door"  cold  front  foUoirod  bjr  an  McUoddd  of 

ixM  oellli^a  and  Tlslbllltlea* 

It  aumoptlo  Sltuatlont  At  12CX)Z  on  29  April  I962  a  vaak  ataUanacr  front 
iraa  oriented  Saet-'Weet  from  the  central  Raw  England  atataa  theOea  aaoi^lliaat- 
Mard  aa  a  warn  front  through  IUI&oIba  Mlaaouxa  atkl  Into  a  tow  jytaihra  lyroa 
In  Kansas#  An  ooduded  front  extended  northward  from  thLa  low  proaiiir#  eMtar* 
The  50040  chart  was  oharaoterlaed  by  southwesterly  flow  over  moat  of  ^  9*8# 
with  a  major  trough  over  the  Rookies#  The  major  ridge  was  looata4  jliot  Off 
the  east  coast  of  the  U.3. 

By  1200Z  30  April  1962^  the  occluded  front  had  progressed  to  oen^ral 
WLaoonsln  and  loMa^  ^lle  the  staUonaxy  front  ov«r  Mew  Mogland  had  tPOflffi 
southward  as  a  oold  front  to  a  line  along  eastern  Penttsyliainla  add  aadliliiPtt 
New  ieraey*  This  wae  duo  to  the  building  of  the  upper  ridge  over  eastath 
U#S«.wlth  a  corresponding  increase  in  the  intensity  of  the  surface  rld|pi  Cirer 
the  Newfoundland  area#  This  80->called  "back-door*  cold  front  OMitliiuMi  tb 
move  southward  along  the  aastezn  seaboard  in  reepMiae  to  the  peralaient  horth- 
erly  flow  aloft  at  the  500-Iffi  level# 

By  1200Z  2  May  1962,  the  cold  front  was  orioited  along  a  line  fr<w  Mwfolk 
to  GordonaviUe  to  Martlnsburg.  It  remained  quaei-statlonary  in  ttle  appi^’* 
Imate  position  until  near  O6OOZ  on  3  1962,  at  which  tlaa  the  occluded  front 

from  the  west  moved  through  the  area  and  off  the  coadt# 

Figures  1  through  9  show  the  composite  surface  and  500-4B  patterns  duriltg 
this  period.  Surface  observations  for  a  nunber  of  etatlona  along  the  osastsl 
area  are  depicted  in  Figures  10  and  11#'  The  passage  of  the  cold  froitt  Is 
readily  apparent  at  all  stations#  Figure  12  Illustrates  the  daily  IDVaswnt 
of  the  cold  front  through  the  period  O6OOZ  on  1  May  1962. 

2#  Surface  Weather  Patternt  An  extended  period  of  low  osLlings  and  pwr 
visibilities  prevailed  at  all  stations  following  the  paesage  of  the  oold 
front#  Cellinge  varied  from  zero  to  800  feet  with  visibilitiee  1/8  to  4 
miles.  At  Dover,  ceilinge  below  800  feet  prevailed  for  some  85  hours# 

3#  Conclusions]  This  pattern  is  a  typical  one  for  the  east«en  sssbosmd  and 
Dover  Air  Force  Base#  The  basic  pattern  may  evolve  in  two  wu^#  Ohs  Is 
described  here#  The  other  evolves  frraa  a  mipraal  cold  front  wnldi  nssss  ths 
Dover  area  and  after  beooraing  quasi-etationaiy  over  the  central  Gulf  dOSSt 
states,  retume  as  a  warm  front  and  becomes  labedded  in  the  AifialsoHian  ^ 
Mountains  with  a  north-south  carientation#  A  oold  dons  of  air  peifaista 
the  Piednwnt  plains  and  coastal  area  thua  blocking  ths  warm  front  and  qattsAhg 
it  to  remain  stationary  in  the  mountains# 

In  either  caee,  the  resulte  are  the  samei  exteneive  low  eeilii^  mdj^t 
visibilities  prevail  at  most  stations  located  within  the  oold  aly  mass#  T^ 
forecaster  moat  guard  against  prematurely  predicting 

front.  He  must  be  guided  by  the  existing  and  predicted  5OO-MB  flw  pstjw* 

The  piosistence  of  the  ridge  aloft  over  the  eastern  eeaboardi  as  . 

by  northerly  winds  over  or  just  off  the  east  coast,  is  the  n»iw  ilMidsw  mim 
alerts  the  foreoaeter  to  the  fact  that  the  surface  will  ***5**^ 
stationary  and  dominate  the  coastal  area.  (Note  that  in  Figurs  9#  tlis  Wpfiibs 


ridge  has  also  blocked  the  occluded  front  resulting  In  a  bent-back  occlusion*) 

An  occluded  front  from  the  west  will  eventually  push  its  way  to  the  coast 
resulting  in  clearing  conditions  at  Dover.  In  all  cases,  this  occluded  front 
is  a  Pacific  front  (warm  front  type  occlusion)  and  results  in  warowr  temperatures* 


Figure  1 


Figure  2 


Figure  5 
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B*  atWRiCAL  RDlJ8t 


Bid*  1*  Do  tioi  for«Mti  a  aiidauK  iaapantturtr  b«lair  14°F  if  th«Ni 
!•  no  »notr  oovar  on  tho  ground* 

Rulo  2.  Minima  Twp  •  Max  T*ap  ♦  Par.  Point  |tt  tim  of  Mtn.  tain)-  la  _ 

Rulo  3*  If  t«af>eratur«  at  700  afc  is  or  ooldsr  forseast  snow}  if.  Inss 
than  -7^>  foreoast  rmin|  if  rain  and  snow  nixod* 

(Use  as  flret  approxiaation  onljr  •  Tesips  nust  be  fbreoast) 

Rule  4*  If  1000-500  th  thiokness  is  17*600  feet  or  loss*  fbreoast  snoir} 
above  17600  feet*  foreoast  rain* 


Rule  5*  If  strong  gustgr  surface  wLnds  (ZSK*)  are  expected  in  advanoe  of 
a  deepening  low  along  the  coast*  forecast  rain*  If  snow  does 
begin*  forecast  one  inch  or  less  with  anew  changing  to  rain* 
Except ioni  If  surface  winds  are  N-NB*  forecast  snow*  Anount 
will  depend  on  speed  of  novement  of  atom  canter* 

Rule  6*  Do  not  forecast  poet-frontal  snow  showers  unless  700Hd>  Trough 
Is  west  of  Dover*  (Very  reliable) 


Rule  7.  U^t  SB  Flow  and  clear  skies  -  very  favorable  for  Ibg  in  FsU 
and  Winter.  (First  approxinetion) 

Rule  8* .  (a)  SB  wiolo  with  Dew  point  temperature  be^  (ocean)  water 
tetoperaturet  Fog  unlikely  (all  seasons) 

(b)  SB  winds  with  Dew  point  teoperature  above  water  taa^raturet 
Fog  likely  (all  seasons) 

Rule  9*  With  dear  skies*  high  dew  point  tenpemturee  and  li»t 

westerly  surface  winds,  forecast  ground  fog  at  about  senrise* 
(Visibilities  below  l/2  sdle  possible*  but  will  last  for  less 
than  1  hour.) 

Rde  10*  Below  OCk  conditions  prevail  (less  200  feet  and/or  ^2 jsile 
visibility)  and  winds  are  cala  or  light  fro«  o** 

directioni  Forecast  above  GCA  condition  1  -  2  hours  af^  ^ 
shifts  to  southwest  or  westerly  directl«».  (Very  rellsble  for 
short  range  period.) 

RUle  n.  Fall*  Winter  nd  Spring! 

near  sunrise*  forecast  a  celling  by  09wl**  vceiiing  wiu, 

brtdcen  and  persist  till  noon. ) 

Rule  12.  Behind  slow  moving  "back  door"  cold  front*  forecast  reduced  visi- 
bllltiee  in  Hase* 


Empirical  Rules  (Continued) 


Rxile  13 •  If  cloud  cover  and  light  precipitation  prevail  during  daylight 
hours  (or  If  considerable  precipitation  has  fallen  during  the 
past  2k  hours)  in  advance  of  a  slow  moving  cold  front  vfhlch  la 
expected ''‘pass^^  Dover  near  sunset^  resulting  in  cleaPlngj  then 
forecast  heavy  ground  fog  for  a  period  of  1-3  hours  after 
clearing  occurs. 


Rule  1U>  With  a  weak  surface  low  over  Virginia  at  1500  E3T  and  south¬ 
westerly  flow  aloft,  forecast  thunderstorms  owr  Delaware  in 
the  lata  evening.  (Summer  season) 

Rule  15.  Thunder  atoms  which  form  over  the  Delmarva  peninsula,  build 
rapidly  and  are  generally  stronger  when  passing  over  Dover 
than  thunderstorms  which  form  west  of  the  Chesapeake  Bay. 
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